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OUTLINE

* Reparameterization invariant in SCET
* Construction of RPl Operators

* Constraints in light-light currents




REPARAMETRIZATION
INVARIANT IN SCET

The total P momentum of collinear particle is decompose into a sum
of a large momentum p* and a ultrasoft momentum k"

p = L
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Two types of ambiguities:

(@) n- (p+ k) and (¢} + ) are arbitrary by an order QA* amount.
if - D, — if - Do + Wit - DysWT
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¥’ (b)Any choice of n and 7 satisfying n* =0, 7n* =0,n-n = 2are
equally good. Chay, Kim hep-ph/0201197
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The most general infinitesimal change in n and 7 which preserves

=0 n°=0 n-n=2is
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To ensure the correct power counting we take {A+L, et a} ~ {\, A0 \0}

This implies that collinear particles remain collinear under RP
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TRANSFORMATIONS UNDER RPI
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* The vector itself remains invariant D#* — DH#

* The quark field (z) = Ze—"'p"” [1 + n%ﬁ%] ¢n,p remains invariant

p




WHAT IS RPI USEFUL FOR? Connect operators in a OPE

An example: scalar chiral-even operator S(q)

2 2
Expansion in SCET S(q) =CJv + Y Di(quV{)+ Y Di(qV{) + E (qaV5)
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We impose RPI: zpS(q) = 0

s

CIv + ZD (9aVi") Z (02V5) + E (¢2V5)
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ORP =0

All the Wilson coefficients are connected!




Heavy to light current

up to NNLO

Connected

m
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Drawbacks
e it is hard to calculate
* if we have more n there is a set of RPI for

each one
ke Fad n]
0 T ’%%,

.%% ‘Zw%%/nz

Is there a better way to find these constraints? YES!

If we found RPI OBJECTS we can construct currents with them




RPI IN HQET

Momentum of an heavy quark P* = mv* + k*

wb gt G

It is invariant under {k“ G R T

We can construct an invariant fermion field

_ o imu 1 )/}_/b T i — iy e
i \/5(1+U-V/yv\)(1+ |V\>]h”( ) g g/

Using this superfield gives operators that are invariant
under RPI

Luke, Manohar hep-ph/9205228




OUR RPI OBJECTS FOR SCET

n-collinear Quark Field: ¢, = (1 o ﬁ.lD ﬁi%) &n
Gluon Field Strength: 9 G}, = [iD};,iDy]

Delta function: d&(w —2q-id,)

[RPI Wilson Line: w, =w, e‘ma

* ¢"is a parameter of the process
* ), is Hermitian, dimensionless, and collinear gauge invariant
Rn =5 Rn [fn7 PSJ_) i1 - 87 /LgBZJ_a Zgn ] Bna Q}
* these objects involve multiple orders in the power counting
* they are not gauge invariant objects

* we want to expand them in terms of Xn , igB, ...




RPI AND GAUGE INVARIANT OBJECTS
e In SCET we use W, to oo = e D8 = TR

build gauge invariant , e il 1
objects zD#L = P e igBt, = [f_[m - Dn,iDiu]] :

+ It is useful to label the Xnw = | 8(0=n-aP)xa]

collinear part of the i
momentum P, (tgB"). = {’595”5(00 — ¢ an)}

Similarly we defined the SUPERFIELDS
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They are both RPI and gauge invariant (Gl) objects

Also 0" = (n*/2)P + P 4+ (7#/2)(in - 0) that acts on a
~ gauge singlets is RPl and Gl




RPI WILSON LINE

Collinear Wilson Line: [(n - D)W,] =0 ——W, = | )  exp (—g:n-An)

| perms

RPIWilson Line: [(¢: D)W,] =0 —>W, = | ) exp (—g .1. q-An>

iR, connects W,with RPIW,,: W, = W, ¢ in

We calculate iR, in 3 steps
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EXPANSION RPI OBJECTS IN A
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RPI EQUATION OF MOTION

Collinear Lagrangian Equations of Motion

ﬁq:§n<in-Dn—i—ilD,,fm.1Dnilpi>%fnzwniﬂnwn —p D, =0

Multiply by W, and insert W, we get the RPI EOM

where D* is gauge invariant and covariant derivative: D" = """ Dle "'

With some algebra... s = g0 G W
EOM forG*  |l(q-i9)id,Gp"] = g*T U, T4V W, + [4aGry (g - 10)GhY ]

Bianchi Identity idGEE =g ol (G G IGEEGHEIES £ 210 O




Gl BASIS RPI and GI BASIS
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Wilson coefficients

Using the RPI basis we find right away all the constraints




Scalar chiral-even up to NLO operator in Gl basis
2 2

S(@)=C (n-q)Fv + > _Di(aV)+ > Di(qV) + E (¢aV5)

Scalar chiral-even up to NLO operator in RPI basis
there is only one

independent Wilson
coefficient

50 _ a5 U there is only one
i y RPI operator

S(q) =C(w1,w2)¥n

ﬁ\

qln7w2

N’|§L

=C(w1,w2)Xn (oG5

13
w1,w2 (Xn_ZZDJ_ ) ﬁLXn,wb +C(w1,w2)>_<w1¢jl (EZZDL%[XTL)

w2

g 1 it
— QC(w1, wa) (Xn [BJ_ B W] >w1 5(” X Q)Xn,wb
Wi, W2 ) Xw, 9 n-q (n q>7§ 141 Xn 44
6C(w1,w2) i 0C(w1,wz) _ 7
‘|’ &ul Xn W1 PJ_ OHIS~ 2 (’I’L Q)Xn,wz a5 2 8&)2 Xnawl 2 (n Q)PJ_ QLXWJ’“&




n-n CURRENTS AT NLO

Important in study 2 jets events where at LO the main operators are

J(CL)LQ) e Xﬁ,,wlr'an,wg
Gl basis

YN =Nl s
=Xn,w T (19[3

* as ¢ we take the momentum transfer
from the virtual photon

* frame where ¢, =0

* The RPI basis is overcounted

* NO connections

* Also at NNLO there are no connections
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CONCLUSIONS

* We constructed a set of RPI| objects in SCET

* Using them it is easy to see if there are connections
coming from RPI

* In n—n vector currents we proved that there are no
connections at NLO and NNLO




